In this paper we present analysis of X-ray spectra from the supernova remnant IC 443 obtained using the PCA on RXTE. The spectra in the 3 -20 keV band are well fit by a two-component model consisting of thermal and nonthermal components. We compare these results with recent results of other X-ray missions and discuss the need for a cut-off in the nonthermal spectrum. Recent Chandra and XMM-Newton observations suggest that much of the nonthermal emission from IC 443 can be attributed to a pulsar wind nebula. W e present the results of our search for periodic emission in the RXTE PCA data. We then discuss the origin o f the nonthermal component and its possible association with the unidentified EGRET source.
INTRODUCTION
The supernova remnant (SNR) IC 443 (1 = 189.1"), b = +3.0") is a canonical mixed-morphology S N R . I t is classified as a shell-type remnant in the radio, but is center filled with thermal X-ray emitting gas. Braun and Strom (1986) characterized the complex morphology of IC 443 as a series of three interconnected shells, but subsequently, Asaoka and Aschenbach (1 994), using ROSAT data, determined that one of these subshells was in fact an older foreground SNR, G189.6+3.3. The complex morphological structure of IC 443 can to a large extent be attributed to interactions with local molecular clouds. The SNR shock -molecular cloud interactions of IC 443 have been studied in detail by mapping line emission from shocked species such as H2, CO, and HCO+ (see e.g. Cesarsky et al. 1999; Rho et al. 2001; Tauber et al. 1994) .
IC 443 has been found to belong to a select subclass of SNRs that exhibit non-thermal X-ray emission Bykov 2000, 2001; Olbert et al. 2001; Keohane et al. 1997; Wang et al. 1992 ) which includes, e.g., Cas A (Allen et al. 1997) , SN 1006 (Koyama et al. 1995) , and G347.3-0.5 (Slane et al. 1999) . Wang e t al. (1992) found that the remnant-integrated 2-20 keV spectrum observed with the Ginga LAC could be well fit by a two-component model. They found that a thermal plus power-law model with a temperature of 0.68 keV and a spectral index of 2.2 (with a 90% confidence range of 2.07 -2.33) provided a good fit to the data but they also found that a two-temperature model provided an acdeptable fit. Using spatially-resolved spectra taken with the ASCA GIs, Keohane et al. (1997) found that -60% of the remnant-integrated 7 keV emission could be attributed to 2 unresolved sources in the south central region and eastern rim of the remnant. Ratio maps showed that these regions had significantly harder spectra than the rest of the S N R . Spectral analysis o f the brighter of the two sources found that its spectrum was well described by a two-component model containing a thermal component with a temperature of 0.89 keV and a power-law component with index 2.350.2. These sources were further examined using the MECS and PDS on BeppoSAX by Bocchino and Bykov (2000) who found that the spectrum of the brighter source was well fit by a power law with index 1.96 (+0.21,-0.12). Olbert et al. (2001) , using Chandra and VLA data, have argued that the brighter of the two sources was a pulsar wind nebular (PWN), CXOU J061705.3+222127. Using the high sensitivity of XMMNewton, Bocchino and Bykov (2001) showed that the emission of the synchrotron nebula softened from a power-law index of 1.63 at its core to 2.30 at its edge. This spectral softening is in accord with expectations .
for a PWN in which the emitting electrons lose energy as they propagate away from the pulsar.
IC 443 is also interesting because there is a spatially-coincident unidentified high-energy (>lo0 MeV) gamma-ray source (3EG J0617+2238; 1 = 189.00", b = +3.05") which was discovered by the EGRET experiment on the Compton Gamma Ray Observatory(CGR0) (Hartman et al. 1999; Sturner and Dermer 1995; Sturner et al. 1996; Esposito et al. 1996) . Most models for the gamma-ray source have concentrated on locally accelerated cosmic rays interacting with the nearby molecular clouds (e.g. Sturner et al. 1997; Baring et al. 1999) . The discovery of possible PWN within IC 443 has thrown some doubt on that explanation.
OBSERVATIONS
We observed SNR IC 443 with the PCA on the RXTE between August 13 and 16, 1996 with the -1" field of view (FOV) centered at a = 6h 17"' 1.5' 6 = +22" 34' 52.3" (52000). The observation consisted of seven segments with a net exposure time of 35,488 seconds. Data was collected in both Standard-2 and Goodxenon modes. The Standard-2 mode data consists of pulse-height histograms with 129 channel spectra with 16 second time resolution. Data from this mode were used exclusively for spectral analysis. Goodxenon mode data consists of binary events words that have a time stamp resolution of -1 ps and utilize the entire 2 5 6 channel pass band of the PCA. We used the Goodxenon data for timing analysis.
Analysis of the data was performed using the standard suite of FTOOLS. We used the background model developed for faint sources, L7-240, which has recently been revised to a "CM" version. Use of this new background model significantly impacts the fitting results. A more detailed description of the analysis method and the background model can be found at http://heasarc.gsfc.nasa.gov/docs/xte/xhp~roc-analysis.html.
SPECTRAL ANALYSIS
As we described in the introduction, IC 443 has a very complex morphology, particularly in low-energy X-rays (e.g. Asaoka and Aschenbach 1994; Keohane et al. 1997 ). The spectrum we derive here is that of the spatially integrated X-ray emission from the entire SNR (the PCA -1" FWHM field-of-view is larger than the angular extent of the SNR, -45') and is therefore the superposition of spectra from regions with widely disparate conditions. Thus analysis and interpretation of the RXTE PCA spectrum is complicated. Previous authors have performed detailed analysis of spatially-resolved, low-energy X-ray ( I 1 0 keV) spectra with higher spectral resolution than possible with the PCA. We can make no improvement on these results here. We instead concentrate on the area where RXTE can make a significant contribution, characterization of the nonthermal component and the search for evidence of a spectral cutoff at energies >10 keV. Interpretation of the nonthermal spectrum is also complicated by source superpositon but to a much lesser extent than the nonthermal emission since it has been shown that the nonthermal emission, at least at energies <10 keV, is concentrated in two compact regions of IC 443 (Bocchino and Bykov 2000; Keohane et al. 1997) .
Analysis of the nonthermal spectrum requires an accurate characterization of the thermal component. We fit the combined data from all PCUs and all observation segments in XSPEC using two-component models that included both thermal and nonthermal components. We found that the generalized nonequilibrium ionization model (GNEI) of Borkowski et al. (2001) best characterized the low-energy thermal component of the spectrum. This model, in a simplified manner, takes into account the temperature evolution of the SNR when determining ionization fractions and transition rates. We explored fitting the high-energy component with power-law, broken power-law, and cutoff power-law models. As stated above, the version of the background model used during the fitting process has a large effect on the fitting results. We will compare and contrast the results obtained using both the older L7-240 model and its newer CM version. This CM revision of the model is purported to have less unmodelled variance, i.e. smaller systematic errors, than previous models (Markwardt 2002) .
First, we will discuss the results using the older background model. We find no indication for a break o r cut off in the nonthermal spectrum using this background model. by 'Wang et al. (1992) , using the Ginga LAC, of 2.20k0.13. It is also consistent with the indices derived by both Keohane et al. (1997) and Bocchino and Bykov (2000) for the proposed synchrotron nebula within IC 443, 2.3h0.2 and 1.96 (+0.21, -0.12) respectively. But it must be emphasized that the high quality data in these two cases is limited to energies 5 10 keV. The ionization timescale, t, and the ionization-timescale averaged plasma temperature, <kT>, are not well constrained by the data, but have best-fit values of z = 17.4 (+24.24,-4.17) kyr ~m "~ and <kT> = 1.95 (+0.98,-0.18) keV.
Channel Energy (keV) Fig. 1 . The background subtracted data using the CM background model and the folded best fit GNEI + broken power-law model (see text for parameter values). Also shown are the residuals in units of a .
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. ( respectively, see Figure 1 . Again using an FTEST to ascertain the need for a break to the power-law, we find a probability of 8.53x10-', indicating that the addition of a break in the power-law is justified. For the case of a broken power-law, the best-fit GNEI model parameters show only small variations from the best fit using the older background model. The best fit parameters are: kT = 0.56 (+0.10,-0.03) keV, z = 12.51 (+17.21,-7.12) kyr ~m -~, and <kT> = 2.00 (+1.26,-0.27) keV. The nonthermal model best-fit parameters are: slow = 2.72, a h i g h = 3.99, and Ehreak = 9.90 but they are not well constrained. The l o , 90%, and 99% confidence regions for the spectral indices are shown in Figure 2a . Note that the indices found by the previous authors mentioned above fall just within the 90% confidence contour. T h e data could be adequately fit, x2 -205 for 321 dof , using a wide range of model parameter values and with only small changes to x2, i.e. Ax2 < 1 . Specifically, flattening of the spectral index could be compensated for by a decrease in the cut-off energy. This is illustrated in Figure 2b where we show that spectral indices from <IS t o -2.6 are within the lo confidence region for that model parameter if the cut-off energy is allowed to be as low as 5 keV. This requirement for a break or cutoff below 20 keV appears to disagree with the Ginga results (Wang et al. 1992) although the fact that a two-temperature model fit provided an acceptable fit to the data suggests that curvature of the high-energy Ginga spectrum cannot be ruled out. The ASCA, BeppoSAX, and XMM-Newton results indicate that the break or cut-off energy cannot be below -10keV. If the cut-off energy is restricted to be >10 keV, then, as seen in Figure 2b , the index must then be greater than -2. Keohane et al. (1997) found that the integrated 2-10 keV flux within their two GIS pointings, which they estimate to Z 90% of the total remnant flux, to be 5*1x10-" erg cm'2 s-', consistent with our current findings.
The cut off power-law model was problematic to fit to the data using the new background model.
The 2-10 keV integrated flux for the GNEI + broken power-law model is 6.3xlO-" erg cm s . The recent work of Olbert et al. (2001) has indicated that much of the non-thermal emission seen by ASCA and BeppoSAX originates from the proposed PWN CXOU 5061705.3+222127. The excellent timing resolution and sensitivity of the PCA provides an opportunity to search for the pulsar powering the nebula. The event data were barycenter corrected and FFTs were performed on the entire dataset using the XRONOS application POWSPEC. We found no evidence for a pulsar with a frequency in the range 1 -500 Hz. T h e derived power distribution reproduced the theoretically expected distribution to a high degree of accuracy. Given our chosen normalization and the number of intervals that the data were divided into (329), the power distribution should closely approximate a Gaussian centered at a power of 2.0 with CI = 0.1 103. The measured standard deviation of the distribution was 0.11 18, see Figure 3 . The maximum power was 2.4944 at 7.672 Hz. The measured power required to surpass a detection confidence threshold of (1 -E) is given by U where Nbins is the number of bins in the power spectrum and Pdet is the power needed to surpass the given confidence threshold. The 90% and 99% confidence threshold powers are 2.5146 and 2.5645, respectively, in excess of our maximum measured power.
TIMING ANALYSIS

ASSOCIATION OF IC 443 WITH THE UNIDENTIFIED EGRET SOURCE 3EG 50617+2238
The EGRET experiment on the CGRO has found a 17.40 source that is spatially consistent with IC 443, 3EG 50617+2238 (Hartman et al. 1999; Sturner and Dermer 1995; Sturner et al. 1996; Esposito et al. 1996) . The source shows very marginal variability (Tomkins 1999) which suggests that it is unlikely to be a background blazar. This lack of variability and its positional coincidence with IC 443 have led to postulations that this source is due either to locally accelerated cosmic rays (Sturner et al. 1997; Gaisser et al. 1998; Baring et al. 1999; Bykov et al. 2000) or a pulsar (Yadigaroglu and Romani 1995 Fig. 4 . The confidence contours for the location of the unidentified EGRET source 3EG 50617+2238 as well as the locations of the two hard X-ray sources SAX 50618.1+2227 and CXOU 5061705.3+222127.
We plot the EGRET position contours for 3EG 50617+2238 in Figure 4 for photon energies >lo0 MeV. Also shown are the locations of two hard X-ray sources observed by ASCA (Keohane et al. 1997) , BeppoSAX (Bocchino and Bykov 2000) and XMM-Newton (Bocchino and Bykov 2001) . These two sources are thought to produce the majority of the hard X-ray emission observed from IC 443 (Keohane et a1 1997) . Can any firm conclusions be drawn about an association between either of these X-ray sources and the EGRET source? The answer is no. There is better positional agreement between the EGRET source and the BeppoSAX source than with the Chandra source but this is a weak measure of association because of the difficulties in generating a position for the EGRET source given its proximity to the Crab and Geminga as well as the local bright Galactic plane emission. There also needs to be drawn a distinction between a positional agreement and a counterpart identification. Counterpart identification requires positional agreement with an identified source, a plausible gamma-ray emission mechanism, and consistent multifrequency behavior (both temporal and spectral). CXOU 5061705.3+222127 seems a more likely counterpart based on the known classes of unambiguously identified EGRET sources which include pulsars. This conclusion is also dangerous considering the lack o f concrete knowledge about SAX 5061 8.1+2227. Closer examination of the multiwavelength emission from SAX J0618.1+2227 is required before eliminating it as a possible counterpart to the EGRET source.
CONCLUSIONS
We find that when using the somewhat older source background model for the RXTE PCA, the nonthermal portion of the data was well fit a powerlaw that extended beyond 20 keV with a spectral index in agreement with previous authors. In contrast, when using the newer CM version of the background model, the nonthermal portion of the data required a cut-off or broken powerlaw with a cut-off or break energy near 10 keV. Whether or not this result is in disagreement with the Ginga results (Wang et al. 1992 ) is uncertain as a two-temperature thermal model also provided an acceptable fit to their data. We conducted a search for evidence of coherent pulsations in the data and found none at greater than 90% confidence.
